A 12-week environmental study was performed to ensure that the patient rooms of an SCT ward with high-efficiency particulate air (HEPA) filtration remained uncontaminated by moulds during close-by construction work. The sampling included measuring the ventilation channel pressure, particle count measurements, air sampling, settled dust analysis and fungal cultures from the oral and nasal cavities of the patients. No changes in the air pressure occurred. Median particle counts in patient rooms were 63-420 particles/l. The mean particle count of the outside air was173 659 particles/l. Patient room air samples were negative for aspergilli in 32 of 33 cases. All samples of the outside air were positive for moulds. Aspergillus fumigatus was isolated at the beginning of excavation works at the construction area and in two of 33 dust samples from patient rooms. All 70 nasal samples were negative. Of 35 mouth samples, one sample was positive for A. niger in a patient with a previously diagnosed aspergillus infection. During a median followup of 214 days, no invasive aspergillus infections were diagnosed in the 55 patients treated during the construction period. In conclusion, the HEPA filters seemed to have performed well in preventing an aspergillosis outbreak.
Introduction
The inhalation of airborne aspergillus conidia can cause an invasive infection in immunocompromised patients, such as SCT recipients and patients with acute leukaemia. The incidence of invasive aspergillosis (IA) increased during the 1990s and has been reported to be 7-12% in allogeneic stem cell recipients. [1] [2] [3] The mortality rate caused by IA is over 50%, sometimes as high as 94%. [4] [5] [6] Overall, air filtration, particularly by laminar air flow (LAF) or highefficiency particulate air (HEPA) filters, has been shown to decrease the level of fungal contamination in the air and the incidence of invasive aspergillus infections in immunocompromised patients. 7, 8 Construction work inside or adjacent to the hospital can cause aspergillosis outbreaks, particularly if the ventilation system is faulty or if the protective measures around the construction area are not sufficient. [9] [10] [11] [12] In a recent review article, construction work was thought to be the main cause of aspergillosis outbreaks in immunocompromised hosts in almost half of the cases. 13 One outbreak of aspergillosis has been reported previously from our department. 14 The location of the SCT ward inside the hospital complex was subsequently changed. With the commencement of controlled explosions, trenching and excavation, followed by construction in the immediate vicinity of our SCT ward, protective measures and a fivestep prospective environmental surveillance system were designed to prevent an outbreak.
Materials and methods
The 13-bed adult SCT ward of the Helsinki University Central Hospital is situated on the ground floor of the 15-story hospital complex, which was built in 1966. The ward was last renovated in 1995. The ward is separated from the hospital elevator lobby and staircase by double doors. All windows in the ward are sealed. HEPA filters provide the patient rooms with 12-18 kPa positive air pressure. The filters were changed in 2002 and they had been functioning without problems.
Between 12 October 2005 and 31 December 2005, heavy excavation and construction work was performed on land immediately adjacent to the ward. As a protective measure, a barrier was built around the construction area and the three close-by ventilation intake ducts. A five-step, prophylactic surveillance system was designed. This included monitoring the pressure of the ventilation channels, measuring particle counts and fungal spore counts of the patient rooms, performing fungal cultures of settled dust in the patient rooms, patient surveillance cultures and recording clinical cases of IA.
Environmental surveillance
First, the pressure of the ventilation channels was checked daily. An increase in the pressure would indicate malfunction of the filters, probably by dust deposited onto them.
Second, particle counts for particles above 0.3 mm in diameter were measured in all the patient rooms five times a week using a Particle Scan Pro portable counter (IQ Air, Incen AG, Goldach, Switzerland). The measurements were performed at approximately the same time of day. For comparison, the particle count of the outside air at the hospital main entrance was measured on six occasions.
Third, air sampling for fungal spores was performed with a single-stage surface air sampler (SAS 100, pbi International, Milan, Italy). One thousand litres of air was impacted onto malt agar plate (Envirocheck Rodac H þ S, Merck, Darmstadt, Germany), which was then inoculated for a maximum of 14 days. The fungal colonies isolated were counted and identified. The air sampling was performed weekly (with the exception of one week) between 12 October 2005 and 31 December 2005 in three patient rooms, at the construction area and at the hospital main entrance.
Fourth, fungal cultures were performed to see if the patient rooms or the patients were colonized by aspergilli. Surface samples from three patient rooms were obtained once a week using malt agar contact plates. Swab samples were taken from both nostrils and the mouth of all patients on three randomly selected dates. All samples were cultured using standard techniques for the isolation and speciation of fungi.
Fifth, the clinical data of all patients treated on the ward during the construction work were reviewed to identify any potential cases of IA. No systemic fungal prophylaxis was used. CT scans or aspergillus antigen testing were not performed routinely but upon clinical suspicion.
Results

Pressure of the ventilation channels/machines
The pressure in the ventilation channels remained stable throughout the 12-week surveillance period.
Particle counts
The median particle count of the patient rooms was between 63 and 420 particles/l.
One peak of 1034 particles/l was seen. There was no definite explanation for this, but the peak might have been caused by heavy drilling during renovation work inside the hospital, four floors above the stem cell transplantation ward. The mean particle count of all measurements was 174 particles/l. The particle counts of the outside air measured at the hospital main entrance were significantly higher than in the patient rooms, between 110 806 and 292 624 particles/l (mean 173 659 particles/l).
Spore counts
Of the 33 air samples from the patient rooms, 31 were negative for fungi. One sample was positive for A. niger and Penicillium glabrum (1 CFU/m 3 each, during week 5) and another sample for Cladosporium sphaerospermum (1 CFU/m 3 , during week 1). Before the construction work, the background count was very low during a recent 2-year surveillance period. On the contrary, all samples from the construction area and the hospital main entrance were positive, with 2-21 (median 9) and 1-31 (median 7) CFU/ m 3 , respectively. Penicillium species were the most common finding (13 samples) and Rhizopus the second (5 samples) in both locations. A. fumigatus was the third most common finding with four positive samples. Three of these were taken from the construction area. A total of 24 samples were positive for at least two different species.
Fungal cultures A. fumigatus was seen in two consecutive surface samples from one patient room, each with 1 CFU/m 3 . This was during the second and the third week of the surveillance period. The samples from this room were thereafter negative. A. versicolor was seen in 1 of the 33 patient room samples. Of the remaining samples, 23 were negative and 7 were positive, but only for non-pathogenic, environmental fungi or bacteria such as Paecilomyces variotii, Alternaria alternata, P. chrysogenum, P. glabrum, Sporobolomyces roseus, Rhodotorula mucilaginosa and Mucor hiemalis.
Swab samples were taken from 24 patients. All the 70 nose samples were negative. Of the 35 mouth samples, 18 were negative. Candida albicans was seen in 11 samples and other yeasts in 5. One mouth sample was positive for A. niger. This sample was taken from a patient who had been diagnosed with pulmonary aspergillosis 12 days before the beginning of the construction work.
Aspergillus infections
During the 12-week period, 55 patients were treated on the ward. Allogeneic SCT was performed on 15 and autologous transplantation on 7 patients. Of the allografts, 10 were collected from matched unrelated donors and 5 from matched sibling donors. The conditioning was myeloablative in 14 cases. Acute GVHD was treated with high-dose methylprednisolone (MP) in 11 patients. Other types of complications after an allogeneic SCT were treated in 16 patients. The patient characteristics are shown in Table 1 . With a follow-up time of 2-247 (median 214) days from the beginning of the construction work, no new invasive aspergillus infections have been diagnosed among the patients. For comparison, the incidence of IA after an allogeneic stem cell transplantation was 1.5% in the previous year.
Discussion
In this study, HEPA filters were successful in keeping the patient rooms almost clear of fungal spores throughout the construction period. HEPA filters have been shown to reduce the level of fungal spores in the air in several studies. 8, 11 However, in some studies, HEPA filtration alone has been insufficient in keeping the air clean during
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A Nihtinen et al construction or renovation work. In a study by Cornet et al., 15 the spore counts increased sixfold in haematological patient rooms with HEPA filtration alone, but remained stable in the HEPA-LAF ventilated patient rooms. A correlation has been seen between fungal spore counts and the incidence of IA. The concern with immunocompromised patients, however, is that even very low spore counts increase the risk of IA infections. 13, 16 In addition to a well-functioning air filtration system, infection control measures such as building protective barriers, using negative-pressure ventilation on in-hospital renovation areas and isolating the traffic to and from the construction area from other traffic are important in preventing the invasion of fungal spores to the SCT ward during construction work. 16 In this study, a protective barrier around the construction area and around the closeby air-intake ventilation ducts was built. In a study by Overberger et al., 17 protective measures were sufficient in keeping ingress of fungal conidia into the bone marrow transplantation area low, under 3 CFU/m 3 , during a 24-week in-hospital renovation project. In contrast, the peak spore count in the renovation area was 355 CFU/m 3 . Particle counts were also measured. The peak particle count of the renovation area was almost 24 times higher than the count in the patient area. Particle counts of the outside air were not measured. 17 Particle measurements are not a standardized method in a setting of infection control. Taking into consideration that HEPA filters are capable of clearing the air of 0.3 mm particles with 99.97% efficiency, the particle counts measured in the patient rooms in this study do not fulfil this criterion when compared to the numbers of outside air. This is probably due to the fact that the measurements were performed at a height of approximately 1 m, where particles from patient and visitor clothing, bed linen and so on are afloat. Should the particle measurements have been made in the immediate vicinity of the HEPA filters, the numbers would probably have been lower. Based on this study, evaluations of any correlation between particle counts and the risk of IA cannot be made. However, we found particle count measurements easy to perform, quick and cheap, and feel that they are a useful quantitative part of environmental surveillance even though recommendations of this method have only been made for occupational settings.
Surface samples are an important part of environmental surveillance. With air sampling, bursts of aspergillus conidia can be missed if the spores are no longer airborne, having settled on the surfaces of the ward. 18 Alberti et al.
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performed surveillance in three haematological wards with high-risk patients. In HEPA or HEPA-LAF rooms, the air samples were mostly negative, but the surface samples were occasionally positive. Positive surface samples in the BMT unit correlated with the risk of IA. On the other hand, using surface sampling alone cannot be relied upon to predict IA infections. According to the data of Iwen et al. 20 from a prospective study using gravity air-settling plates before and during construction work adjacent to a haematology ward, the surface samples of patient rooms showed an increased amount of fungi 1-7 days before the IA diagnosis, but only in three out of five cases. In a prospective setting, combining air and surface sampling is useful since these methods complement each other. Based on the collective opinion in the literature, air and surface sampling were combined in this study and samples taken with both methods remained mostly negative. A. fumigatus was only found only in two settled dust samples during the initial phase of the construction work that is, during and immediately after the rock blasting and excavation.
A positive fungal culture taken from a patient's mouth or nose is a marker of colonization and can predict an IA. Aisner et al. 21 found a correlation between a positive nasal sample, particularly for A. flavus, and the risk of IA in 125 patients with acute leukaemia. In some other studies, however, no correlation between nasal colonization and the incidence of IA was seen. 22, 23 We did not feel that a regular patient sampling was necessary since the environmental samples remained essentially negative for moulds. Swab samples were taken only on three randomly chosen occasions. All the nasal samples were negative. Half of the mouth samples were positive, but mostly for yeasts. Only one mouth sample revealed a mould, but this was in a patient with a proven aspergillus infection before the construction work. The degree of mouth colonization by yeasts coincides with other studies. 24, 25 With great concern over a possible aspergillosis outbreak as a consequence of the construction work, plans were made at the beginning of the surveillance period for procedures, in case any of the five steps of the surveillance model revealed signs of fungal contamination. Had the pressure of the ventilation ducts increased, the HEPA filters 1) would have been changed. Elevated particle counts of the patient rooms could have been a sign of faulty filters or other sources of contamination such as contaminated ductwork or leaking window frames. Positive fungal cultures or finding fungal spores in the air of the patient rooms would have been clearly alarming. In such a situation, removing the patients from the ward and proper cleaning procedures would have been indicated. Fungal colonization of the patients by moulds would have forced us to consider pre-emptive antifungal therapy. IA infections would have indicated failure of the surveillance system and an obvious need for antifungal therapy.
In conclusion, in this study, comprehensive environmental surveillance during heavy construction work did not show increased amounts of fungi in the air or colonization of the patient rooms or patients. No aspergillus infections were seen after the construction period. Such surveillance, in our opinion, can be recommended in a stem cell transplantation ward during construction or renovation work. In a recently published French study, regular surveillance was feasible even under normal conditions as a good marker of disturbances in the cleaning activity and the air filtration. 26 
